Abstract To characterize adherence to post-exposure prophylaxis after non-forcible sexual exposure to HIV, we conducted a review of the literature and meta-analysis. Articles were considered if they contained primary adherence data following non-forcible sexual exposure. Randomeffects meta-analysis was used to create pooled point estimates for adherence. Of 1,257 abstracts identified through our search algorithm, 17 were eligible for inclusion in this review, representing 3,634 patients enrolled in 3 randomized controlled trials (RCTs), 9 prospective and 5 retrospective observational studies. Pooled adherence, primarily assessed by self-report, was 77 % [95 % confidence interval (CI) 68-87] in prospective observational studies, 81 % (95 % CI 65-96) in retrospective studies, 78 % (95 % CI 65-91) in RCTs, and 78 % (95 % CI 72-85) overall. Overall adherence was moderately high, with high variability between studies.
Introduction
Three recent randomized controlled trials (RCT) have offered promising evidence of the efficacy of once-daily combined tenofovir disoproxil fumarate and emtricitabine (TDF-FTC) for the prevention of human immunodeficiency virus (HIV) seroconversion among seronegative but at-risk individual [1] [2] [3] . However, efficacy of pre-exposure prophylaxis (PrEP) appears to be closely correlated with adherence to therapy [1] [2] [3] [4] . Adherence data, especially outside of the clinical trial setting, are sparse, and a body of research is just beginning to emerge [5] [6] [7] [8] . Given that PEP has been used for more than 15 years [9] , if individuals who accessed PEP would benefit from PrEP, characterization of adherence patterns to PEP could potentially be useful for informing PrEP programs. This characterization is particularly important at this point in time as PEP strategies move from the clinical trial setting to programmatic implementation.
PEP was first shown to be effective for reduction of risk of seroconversion after occupational exposure to HIV [10] . There has been no placebo-controlled trial confirming the efficacy of PEP. Randomization to PEP or placebo would not be ethical, due to evidence supporting the effectiveness of PEP from animal and observational human studies, and would be logistically challenging because of the large sample size that would be required to show a difference in seroconversion, since the probability of becoming HIV infected per any given exposure is relatively low. Estimates of the degree to which individuals must be adherent to PEP in order to maximize protection are not available, due to the lack of randomized controlled trials and limited power of the existing observational studies. Despite the lack of evidence from randomized controlled trials, PEP is now recommended for non-occupational exposure to HIV, including sexual exposure [11, 12] . Exposure to HIV is considered a medical emergency, and PEP is recommended to be initiated within 72 h of exposure, the sooner within this time interval, the better. Recommended regimens typically consist of a 28-day course of antiretroviral therapy (ART) with 2 or 3 drugs, frequently depending on the HIV status of the source, experience of the source taking antiretroviral medications, and if the exposure is very high risk. A number of factors are thought to be involved in poor adherence to PEP, including stigma, side effects, cost, and lack of perceived risk [13, 14] .
A number of studies have reported acceptability, tolerability, and effectiveness of PEP in various non-occupational settings and populations [15] [16] [17] [18] . In this report, we reviewed the literature for studies that reported adherence outcomes with non-occupational, non-forcible sexual exposure to HIV, because this patient population may be the most similar to those who would access PrEP, to characterize adherence patterns in different PEP regimens, interventions, and risk groups, and to extrapolate lessons learned from experience with PEP for future PrEP programs.
Methods

Search Strategy
Three electronic databases were searched through December 1, 2012: MEDLINE, EMBASE, and PsycINFO. Permutations of the following search terms were used: ''post-exposure prophylaxis'' or ''postexposure prophylaxis'', ''HIV'', ''adherence'' or ''adhere*'', and ''non-occupational'' or ''nonoccupational''. Titles and/or abstracts of all retrieved citations were reviewed. Full articles were retrieved for studies that passed this initial review. Reference lists of all retrieved articles were reviewed for additional articles. In addition, we performed a search of the grey literature as a sensitivity analysis to assess publication bias using the search terms ''post-exposure prophylaxis and adherence'' and ''post-exposure prophylaxis and HIV'' in the Google Internet search engine as well as a search of OpenSIGLE (System for Information on Grey Literature in Europe).
Inclusion and Exclusion Criteria
We chose to limit the review to non-occupational, nonforcible sexual exposure in order to assess adherence patterns in populations most similar to those that may be interested in or ideally suited for PrEP. We specifically did not include occupational exposure or forcible sexual exposure because these populations are accessing PEP for reasons that are dissimilar to reasons for accessing PrEP. Inclusion criteria included articles in English that reported primary data on PEP and included data on adherence among individuals who had non-forcible sexual exposure to HIV. In studies with mixed cohorts with excluded groups (for example, occupational exposure, injection drug use, or forcible sexual exposure), we included the study if adherence outcomes were reported separately by risk group or if the majority ([75 %) of the participants in the cohort had non-occupational, non-forcible sexual exposure.
Data Extraction
Data were extracted independently on a standardized data collection form by two separate reviewers with [90 % agreement. Adjudication for inconsistencies was done through discussion.
Patients were determined to be ''adherent'' if they reported that they took the full 28 days of medication and were included in the numerator of the adherence estimate. Participants who did not return to collect their full medication course after being prescribed a starter kit were considered non-adherent. Loss to follow-up was defined as not returning at the primary study assessment (typically 28 days) for assessment of adherence. Adherence estimates were calculated after excluding participants who were reported lost to follow-up after collecting all of their medication. The estimates also excluded those who discontinued PEP for medical reasons (i.e. being found to be HIV-infected at baseline after initiating PEP, HIV-negative status of the sexual partner, or if the physician recommended discontinuation of PEP for any reason). In both cases it is not possible to know if these participants had been, or would have been, adherent to the full 28-day regimen. Information was also extracted regarding refusal of PEP, HIV seroconversion, drug regimen(s) used in the study, study design (RCT, retrospective or prospective observational study), interventions conducted in the study (behavioral or comparison of PEP regimens), adherence measure (self-report or objective measure such as pill count), and risk group (MSM, heterosexual transmission, or sex work).
Quality of Included Studies
To assess the risk of bias of adherence estimates within studies that were included, we extracted data related to adherence measure, study design, refusals, reporting side effects or medical discontinuation, loss to follow-up at 28 days, and if the study specified inclusion and exclusion criteria. In addition, we adapted the GRADE scoring system to quantitatively assess study quality and risk of bias (Supplementary Table 1 ) [19] . Specifically, we focused on criteria that would be most meaningful for risk of bias with descriptive summary statistics, as opposed to efficacy or effectiveness. Studies were scored higher for more rigorous study design. Interventional prospective study designs, regardless of randomization, were scored the highest, followed by non-interventional prospective, and then retrospective designs. Points were then deducted for high rates of loss to follow-up, lack of a pill count adherence measure or did not report how adherence was measured, lack of definition of study population, and generalizability to the overall population of interest.
Data Analysis
Point estimates and 95 % confidence intervals (CI) for the proportion of adherent participants were calculated. Metaanalysis was used to generate an overall pooled point estimate and 95 % CI for adherence as well as separate pooled estimates for observational studies and RCTs. A DerSimonian and Laird [20] random effects model was used to pool estimates for the overall estimate. A random effects model was chosen to account for heterogeneity of studies by including a parameter for inter-study variation. Random effects meta-regression was used to assess the relationship between adherence and covariates, with the purpose of explaining heterogeneity between the studies in terms of study-level covariates: 2 versus 3-drug regimen; study design (RCT vs. observational study, prospective vs. retrospective, and risk reduction intervention vs. no risk reduction intervention); year; and risk group. Three sensitivity analyses were conducted: excluding the two studies that did not report full 28-day adherence [14, 21] , including all participants who were lost to follow-up assuming they were all non-adherent, and including any adherence estimates identified in the grey literature. Publication bias was assessed with Egger's test [22] and Begg's test [23] , and an adjusted adherence estimate was attained by the Trim and Fill method [24] . Briefly, Egger's and Begg's tests provide formal statistical tests of funnel plots for the detection of publication bias, Egger's via regression analysis of funnel plot asymmetry and Begg's by an adjust rank correlation between adjusted effect size and meta-analysis weight. The Trim and Fill method estimates missing studies and provides an adjusted estimate for the effect missing studies may have had on the pooled estimate. Analyses were conducted in Stata 12.0 (StataCorp, College Station, TX).
Results
Studies Screened and Reviewed
Of 1,257 titles and/or abstracts initially reviewed, 74 were further assessed for inclusion in the study and 17 were included in the final review ( Fig. 1 ). Common reasons for exclusion at the second stage included no adherence data (n = 26) and forcible sexual exposure as the most prevalent exposure group (n = 12). Three studies reported an overlapping cohort; the study with the most complete data in terms of reported adherence and duration of follow-up was included [25] , and thus two studies were excluded [26, 27] . The final 17 articles comprised 3,634 participants enrolled in 3 RCTs (n = 602) and 14 observational studies (n = 2,966), including 10 prospective observational studies (n = 1,622) and 7 retrospective observational studies (n = 1,344). Interventions conducted within RCTs included behavioral interventions (n = 2) and comparison of PEP regimens (n = 1). Table 1 lists characteristics of included articles. One adherence estimate was identified in the grey literature, consisting of 643 participants in Australia [28] .
Study Characteristics
Eight of the studies were conducted in Europe, with six others from the United States and one each from Australia, Brazil and Kenya. Seven studies included exclusively or almost exclusively men who have sex with men (MSM), nine studies were mixed cohorts of people who reported heterosexual or homosexual exposure, and one study included only female sex workers (FSW). One study included injection drug users (IDUs); however, only 1.3 % of participants in the study sought PEP after needle-sharing exposure with the remainder seeking PEP for non-forcible sexual exposure, and thus this study was included in the meta-analysis.
Of studies reporting their adherence measure, 2 studies measured adherence with pill counts, 5 with self-report, 3 with both pill count and self-report and 1 as retention in treatment, defined as returning for scheduled PEP follow-AIDS Behav (2014) 18:217-225 219
Titles and abstracts retrieved and screened (N=1257)
Excluded based on title and abstract (N=1183)
Studies identified from reference lists of included articles (N=0)
Assessed for eligibility (N=74)
Studies included in review (N=17) Fig. 1 Flow diagram for selection of included studies Regimens included zidovudine/lamivudine (n = 6), zidovudine/lamivudine plus nelfinavir, atazanavir, or ritonavir (n = 4), tenofovir/emtricitabine (n = 3), tenofovir/emtricitabine plus raltegravir (n = 1) and tenofovir plus lamivudine (n = 1).
Outcomes
In the 17 studies, the pooled overall adherence to PEP was 78 % (95 % CI 72-85, Fig. 2 ). Adherence ranged from 49 % (95 % CI 43-54) to 92 % (95 % CI 89-95). In prospective observational studies, pooled adherence was 77 % (95 % CI 68-87), retrospective observational studies 81 % (95 % CI 65-96), and RCTs 78 % (95 % CI 65-91). As expected, heterogeneity was high (s 2 = 492). Excluding two studies that did not report full 28-day adherence yielded a pooled adherence estimate of 82 % (95 % CI 76-88) [14, 21] . Assuming that all participants who were lost to follow-up, pooled adherence was 67 % (95 % CI 59-74).
Including one estimate from the grey literature, pooled adherence was 77 % (95 % CI 70-84). Table 2 lists the results of bivariate meta-regression models. In a multivariable model (Table 3) , adherence among RCTs compared to observational studies was not significantly different (coefficient 0.41, 95 % CI -0.11 to 0.94, P = 0.09). There was no difference in adherence between 2-and 3-drug regimens (3-drug versus 2-drug: coefficient -0.17, 95 % CI -0.53 to 0.19, P = 0.23) or between studies that relied only on self-report versus those that included pill count as a measure of adherence (coefficient 0.20, 95 % CI -0.24 to 0.63, P = 0.25). Because most studies did not report their data by risk group, we could only compare studies that enrolled predominantly MSM versus mixed cohorts (heterosexual and homosexual exposure). There was no significant difference between MSM-only and mixed cohorts (MSM only versus mixed: coefficient 0.05, 95 % CI -0.47 to 0.57, P = 0.79).
Loss to follow-up varied widely. Among studies that reported loss to follow-up at 28 days, loss to follow-up ranged from 2 to 38 % (Table 1) . Most studies only assessed only patients who were prescribed PEP and did not report on refusals. Of those that did, proportion of refusals ranged from 2.2 to 42.6 % [17, 29, 30] . While were no significant small study effects as measured by Egger's test (P = 0.15), Begg's test suggested there may be small sample bias (P = 0.02). A trim-and-fill estimate of adherence adjusting for the effect of missing studies was 77 % (95 % CI 71-84).
Discussion
This review found a pooled overall adherence of 78 % amongst studies of PEP among individuals with non-forcible sexual exposure to HIV; it also demonstrated widely variable rates of adherence between studies. In a sensitivity analysis assuming all participants who were lost to followup were non-adherent, pooled adherence dropped to 67 %. This adherence estimate constitutes a lower bound for the range of changes in the overall adherence estimate due to missing data. It is unlikely that all of the participants who were lost to follow-up were non-adherent, so that true overall adherence will be higher than 67 %. No single study has been powered to establish the effectiveness of PEP, and the number of HIV seroconversions in the studies was very low. It is therefore difficult to comment on what level of adherence is necessary for effectiveness, although it is expected that better adherence will result in better protection. This review demonstrated a substantially higher proportion of patients adherent to their prescribed regimens compared to a meta-analysis of adherence to PEP after sexual assault, which found pooled adherence to be 40 % [31] . Psychological factors associated with sexual assault, such as fear, rape stigma, fear of being blamed for the rape, and anxiety related to the trauma, could negatively impact survivors' adherence levels [32] . Individuals experiencing sexual assault may also have discontinued PEP following court-ordered HIV testing of the perpetrator. These factors are less likely to be experienced by PEP seekers who have had consensual exposure to HIV, which could explain the difference in adherence rates between these two analyses.
Many factors may impact the heterogeneity of the overall pooled adherence estimates, and to address this we conducted several meta-regressions to investigate potential sources of heterogeneity. Study design may affect adherence. Adjusting for other factors, adherence was 40 % higher in RCTs compared to non-RCTs, although this difference was not significant. RCTs may have higher adherence because participants are followed closely by study staff and may be counseled to adhere, or may be more motivated because they volunteered for a study.
In this meta-analysis, interventions included risk reduction strategies following high-risk sexual exposure to HIV, counseling to improve adherence, and comparison of tolerability and discontinuation with two different PEP regimens [14, 33, 34] . There was no difference in adherence between studies that implemented risk reduction strategies and those that did not. One study found that enhanced risk reduction counseling, including 5 sessions versus 2 that incorporated detailing risk exposure, strategies to reduce risky behavior, and development of a risk reduction plan, which was further assessed in the enhanced risk reduction group, resulted in reduction of risky behavior in individuals with higher baseline risk, but did not find a difference in adherence to PEP between standard and enhanced counseling groups [33] . A separate study found that adherence to PEP was higher among participants randomized to additional counseling sessions [14] . We were unable to analyze adherence by arm by meta-analysis given the diverse nature of the interventions and the small number of interventional studies in this review. The fact that risk reduction interventions did not significantly affect PEP adherence in our meta-regression analysis does not necessarily suggest that such an effect does not exist; the pooled analysis may simply lack the power to detect such an effect. Moreover, our synthesis also does not indicate that PEP should not be accompanied by risk reduction interventions, because these interventions are primarily intended to achieve sexual behavior change, which we do not analyze here.
Varying measures of adherence can influence estimates in each of the studies. While plasma drug levels may be an accurate measure, they may not be a practical form of adherence measurement on a large scale, though costs for assays are declining. Some studies may over report adherence, particularly when relying entirely on self-report. Evidence from the FEMPrEP trial suggests that self-reported adherence does not correlate well with drug measurement via plasma drug levels, indicating that there may be social desirability bias resulting in overestimates of adherence [4] . None of the PEP studies included in this review used plasma drug levels to corroborate self-reported adherence, and only five studies included an objective measure, in all cases pill counts. While there was no difference in adherence in studies that included a pill count measurement compared to those that did not, it is not clear how well either self-report or pill count correlate with plasma drug level with PEP, and thus how accurate the measurements of adherence in this review are. It will be important to continue to explore standardized, accurate measures of adherence to chemoprophylaxis as well as ART in future studies.
Choice of PEP regimen can greatly influence adherence. Some regimens are associated with lower tolerability and higher rates of adverse events such as nausea, and 3-drug regimens may be more complicated for patients than 2-drug regimens [35] . There is limited evidence on adherence outcomes in patients receiving different PEP regimens. In this meta-analysis, we did not find a difference in adherence among studies that used predominantly a 2-drug regimen versus a 3-drug regimen. However, not all studies detailed their drug regimens, so we did not have complete data for this analysis, nor were we able to compare specific drug regimens. No studies directly compared 2-and 3-drug regimens, and separate studies may not be comparable. Newer regimens that include TDF-FTC may have higher adherence than zidovudine/lamivudine-based regimens [15, 16] . As we were unable to assess the effects of different drug regimens on adherence, we included calendar year as a proxy for drug regimen in our metaregression analysis, as regimens change systematically over time. This proxy variable was neither a strong nor significant predictor of adherence. Since the majority of studies in this review assessed adherence to zidovudinebased regimens, it is hoped that adherence to TDF-FTCbased regimens will be even higher.
PrEP acceptability and utilization studies have indicated that individuals who have previously used PEP are more likely to report that they would use PrEP [36] [37] [38] . PrEP may have advantages over PEP for individuals who have recurrent longer-term high-risk exposures, but these differences may result in very different initiation and adherence patterns [39] . PEP requires individuals to identify instances of high-risk exposure, and to initiate therapy promptly, whereas PrEP must be initiated prior to occurrence or risky behavior, and thus requires acknowledgement of impending risky behavior. Sustained effectiveness for PrEP would require consistently adequate adherence, whereas PEP is a time-limited prescription. Careful studies will need to be done as PrEP is expanded on a larger scale to monitor adherence, but PEP results suggest that high levels of PrEP adherence may be sustained for at least short periods of time. Whether these results are applicable to PrEP over longer durations will require careful study.
This analysis may suffer from several limitations. The accuracy of the pooled adherence estimate is limited by the accuracy of the estimates in each study. Due to the small number of studies included in the review, the metaregressions will be underpowered to detect a difference in adherence, and thus we may have failed to detect significant predictors of adherence. Publication bias could affect the results of this study. Although we only included studies that were published in English in our analysis, of the 4 nonEnglish studies which were initially identified, all would have been excluded based on abstract review for other reasons: one enrolled primarily victims of sexual assault [40] , in one only half of the exposures were sexual; and two did not include data on adherence [41, 42] . Begg's test suggested there may have been small sample bias. However, we used rigorous methods and clear inclusion criteria in selecting our studies, and neither a trim-and-fill adjusted estimate nor a sensitivity analysis including grey literature substantially changed the results. Finally, the results of our review may not be generalizable to populations and AIDS Behav (2014) 18:217-225 223 settings for which data were sparse or not available, such as generalized HIV epidemics. Adherence to ART has been shown to be higher in developing countries compared to developed countries: one meta-analysis found a pooled estimate of adherence to ART in African studies of 77 %, compared to an estimate of 55 % in North America [43] , while another found adherence to PEP after sexual assault was higher adherence in developing (53 %) than developed countries (33 %) [31] . The only study included in our meta-analysis from a generalized epidemic setting included only female sex workers, a high-risk population may not be representative of the general population that may access PEP in Kenya or in other generalized epidemics [21] . This study demonstrated higher overall adherence to PEP than previously been reported for exposure to HIV after sexual assault. Overall pooled adherence was around 80 %, although estimates varied widely between studies. Although PrEP is a significantly more long-term intervention than PEP, and thus will pose additional challenges to adherence, the high adherence to PEP seen after nonforcible sexual exposure to HIV outside of a clinical trial setting is encouraging for future PrEP adherence, and indicates that it is possible to achieve high levels of adherence to ART for prevention. Continued assessment of adherence and counseling to improve adherence is important, and continuing to invest in better ways to collect adherence data and refine existing measures of adherence will be important for accurate measures of adherence to treatment as prevention interventions.
